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PROBLEMS ENCOUNIERED IN THE ELFCTROCHEMIC 1iEQ.

GOVERNING THE DISSOLJTION OF MEALS IN ACIDS. IV

Ya. V. Durdin
Lab of Inorganic Chem

Leningrad State Univ

At present many works indicate that the speed of dissolution of metals
(assuming that the speed is not markedly influenced by the diffusion of
resgents) may be studied according laws which govern the speed of the electrode
processes, 1.e., the cathodic process of hydrogen 1iberation and the anodic
process with the escape of metal ions into the solation (1=9). We find
direct verification of this supposition ;n experiments of Wagner and Traud
(2) on the determination of the speed of dissolution of zinc amalgams and
the hydrogen overvoltage on these amalgams, and &lso in the work of
Kolotyrkin end A. Ne Frumkin on the speed of dissolution of lead and the
hydrogen overvoltage on lead (5).

The theoretical basis of this supposition rests to & considerable degree
upon the work of B, G. Levich and A N. Frumkin (7) and also upon the con=
clusions obtained in our previous reports 9).

We should emphasized that these laws hold not only for the case of
metals dissolving in aclds (which is studied in our works) but also for the
general theory of metal corrosion, since this type of laws corresponds to

the specisl case of the Evans and Khor disgrams (cathode-anode control)

(10, 11).
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In 0. B, Akimov's vecently published monograph "Theory and Methods
of Investigating Corroslen in Metals" (12), this type of laws in metal cor=-
rosion i also conaidered as a real poaaibility,

Thus, special interest ia attached to the lawe governing the speed in

the cathadic process of hydroyen liberation and the anodic process releasing

' metal ions inte the solution,
‘ *

In principle, nne can pencrally solve this rroblem by simultaneously
solving the equations describing the specd ol the cathoilc and anodic proc=
csses and by deriving the corresponding generel equutions An attempt to
derlve such an equation was made by A. I. Shul'tin, (8) Ly a method involving
great difficulties as is arperent from his works. These difficulties arise
partially from the complexity of the exrrcssion obtalned, and also from the
dercndence of this equation upon aiantities not easily determined. In
addition, the pyenersl equatinn will nalurally depend upon the corrvctness
of both individual equations describing the speeds in the cathodic and anodic
: processes, and upon which equation should be used to express the. epeed:of the
anodic rrocess.

Taking these facts into consideration, one should represent more con-
cretely the problem of how much each of these processes influences the
kinetics of dissolution of metals.

Any concrete presentation of this problem should treat quantitatively

the laws governing the dissolution of metels.

1 Dol e Sunut Sl o At S S SR

At first glance, the laws governing the speed in cathodic and anodic

processes in some cases can be treat in a substantislly simplified manner

because the kinetic weight (degree of influence) of the cathodic process

mey so sharply predominate over the kinetic weight of the anodic process

that one mey neglect the influence of the latter. Actudlly, one could quite
naturally assume that the kinetic weights of the cathodic ond anodic processes
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should correspond, alihough roughly, to the amount of polarizatien in each 1
of these processes, Moreover, the overvoltage corresponding Lo the cathodic ;
rroceas is generally high, while anotic (chemical) polarization is relatively ;
weak for most metals, Thus, Fol'mer incldes 1iberatien wnd discharge of \
Zn, Cd, Sn, Ph, Cu, Hg lons among electrode processes which begin immediately
aftor attainment of equilibrium potentlala (more recisely, for very low
polarization).
Thus one naturally assumes that in the dissol.tion of many metals the
anodic pelarization may be of the order of hundreths of a volt and the cathodic,
tenths of & volt} 1.e. catladic polarization may be ten times greater than
anodic polarization. At first glance, with thls ratio between these quant=
itics, we should rightly consider that the cathodic process practically
determines the kinetics of the system. This should simplify considerably
the treatment of the laws determining the speed of dissolution of metals,
Unfortunately, such evuliations of the kinotic weight of these processes
are purely intuitive and therefore might lead to incorrect conclusions.
In this work, we attempt, using the method which we developed pre=
viously for evaluating the kinetic weight of processes, to present more con=
cretely the general picture of the possible relations between the kinetic
weights of the cathodic and anodic processes, and at the same time to clarify
the significance to be attached to the relations between the velues of

cathodic and anodie polarization.

1. Concerning the Coefficlents: J° m° and 7 in The System i
— = T

of Cathode and Anode Processes. ‘

In the works entitled "Concerning the Kinetic Weight of a Proceas",ﬁ!ﬁlﬁ7
we introduced three coefficlents that characterize the kinetic welght of a
process: namely, the coefficient(J') governing the disturbance of equilibrium
in the process, the coefficient (q‘) governing the decrsase in the process
speed and the coefficient Cq) governing the influence of the parameters in

the equation for the process' speed,
-3
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In order to olariiy the meaning of the-e coetficlenta in a given system,
we at firat secept conditionally that the speed of the cuthadic process of
liydrogen liberation ard the speed of the anodic process releading metel lons
into the solutlon are proportisnal to the polarization corresponding to
these processes.

Aapting at first this very simple assumptlon, we hope to show graphically
how completely the whele ricture of kinetic weight in the cathodic and anodic
processes changes when we shift to more realistic assumptions concerning
the functiéﬂ!r«lnhions between spred and polurizatlon.

we adopt, conseq iently:
7?=kkAﬁ=kk<5p”7§o) (1a)
v ='<’AA% =£A(‘f"‘a—7) (1b)

In these equations 79 is a potential identical for both electrode
processos for a stationary state, relative to any sLundard elcctrode, for
example, & normel hydrogen electrode, but taken with the reverse sign.

Aﬁ is the overvoltage for the cathodic process of hydrogen livera-
tion; ?20 is the equilibrium potential corresponding to this process
under the given conditions; 94: i the corresponding equilibrium pot-
enttal for metal ions; ‘ﬂ;a is the polarization corresponding to the ancdic

process releasing metal ions into the solution. We assume:
o .
Ag = (p—%) ard %= (% —¢) e

¢2 and zﬁ , here as later, denote the resulting speed of the cor-
responding processes; i.e., 1% is the difference between the speed of the
direct reaction discharging hydrogen ions and the ionization speed, and

is the difference between the speed of release of metels ions into the

-l -
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solution and the speed of their discharge., We cousider both speeds measured
Ly the corresponding velues nf current density or by the number of grame
equivalents of hydrogen (in the ca.e of 'V‘ ) or metadl (in the case of “ )
releaged or dissolved 1er unit time per unit geometricel surface of the
metal, (We &lso consider the current density measured relative to unit
geomotrical surface of the metal dissolved). Under theue conditions, for
the statlonury state we have the equality 1/* = WA .

Figure 1 (Figures aypended) shows graphically speeds v, ad 7,

A
versus ';ﬂ , according to equutions (la) «nd (1b), The point X  des=
cribes Lhe stutionary state. This point is enuivalent to the unique speed
V= \Tk - VA and the unique potential ﬁ o This disprem corresponds to
Fvan's diayram for cathodic-anodic control. At the same time we easily see
that in the system of the cethodic and anodic processes the potential
plays the part of & regulating purameter, which we denote in the general
case by Z; therefore, from the standpoimt of the principles developed in
our work entitled "Concerning the Kinetic Weight of a Process", fIN] this
diagrem is a particular case of the speed diagram = that is, a regulating
parameter. Making use of this, we may easily clerify the meaning of the
coefficients J°, r]° and 77 for the given system of processes,

Recalling this, according to the definition wiven in our second report
entitled "Concerning the Kinetic Weight of a Process", we set the coefficients

J° enual tn, respectively,

,_]A‘ = AZ:/AZ;B

(2a)
J = Az5/0Z4 . (2b)

In the expressions (2), AZD is a conditional measure of the dis=

turbance of equilibrium corresponding to the processes A or B, #2° is equal

-5
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to the varistion of the regulating parameter (2) which is necessary in order 4

Lo drive the given process from & given statlionary stete to & state of equili-

brium, when all remaining parameters in ite speed equation remein constant.

;B is & conditional measure of the disturbeznce of equilibrium of the system:

. %0 + $2°, :
pr, = by Y ELy :

.Y

In the given system of process«s Z=¢f } therefore Az;( = A ¢K'
o ¢ & o _ o 5 °,
R AN RO R N ;ﬁx e
Therefore, according to equation (2a), the coefficient of equilibrium

disturvence of the cathodic procecs is equal to:

o u A K
Jg y (3a)

and the coerficient of eauilibrium disturbance in the anodic procesa J; ie

JR - _Afh._ (3\;)
8P’

Thus, in the system of cathodic and anodic processes, the quantity & 99‘

equal to

which we took as a measure of couilibrium disturbance of the system 1s equel

to the difference between the equilibrium potentials 9%0 and f%o ’

while the coefficient of equilibrium disturbance of each of these processes
{ is equal to that fraction of this quantity which is due to polarization in

the corresponding process. The meaning of the coefficients q’ for the

given gystem of rrocesses can be elarified in the following manners

If we assume that in firgure 1 the straight line Vk occupies its same

“5&":3@“_ W R eI

position, while the straight line VA coincides with the normal NA’ then the

4

stationary state is determined by the point Vk max® In this case, the co=-

efficient of equilibrium disturbance of the snodic process is equal to zero,

-6 =
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while that of the cathodic procese is equal to unity. The cathodic procees

in this case is the process determining the kinetics of the system, and the

‘ kinetie weight of the anndic process 18 equal to zero. The speed correspending
to this stationary state is equal to the maximum speed Vk max, which the
cathode rrocess can have for the given straight line Vk and the given dif-
ference of potential A qﬁ', In all cares where the straight line VA devistes
from the normal N  and J; > 0, tune stationary state for tue same straight

A
linc V. will corresvond to a upeed less than V. ..., for example, as the

k
speed corresponding to point a in tigure l. We can conyider Lhis decroute
in the cathodic process' speed compared with the specd Vk max 90 @ result
of the sujerposition of the influence et the anodic process. Therefore, as

a meusure of this influence, we can take the coelficient of reduction in the

cathodic process' sieed equal to
o ] — P = — Y (A '
7k/A (p"/rw 7“)/ %/nax / “/ A (ha)

We can write a similar ex:ression for the coetficient of reduction in

the snodic process' speed
° = /=Y /U b
7" wx i G an (he)

Here vAmax is the sperd corresponding to the stationary state for Jé =0
which (i.e. states) corresponds to the straight line V. coinctding with
the normal Nk’ and to the seme straight line VA corresponding to state des-
erived al the polnl de

Since

Ju .0 (P.318,b)
Vk max A¢P°

we have

. ooy L%
Ten =K "age = By (58)

and similarly

77- -.Eﬁﬁt_ = _7'° (5b)
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The differential coefficient characterizing the influence of the process

rarameters L] adopted by us as & third charscteristio of the kinetic weight
of a yroceas, was considered at length in the work entitled "Concerning the

Finetic Welght of a trocess", /71l 7 and used in a latter work entitled

Wt L i T o T

"Tne i'voblem of the llectro-Chemicel Mechanism".(9). Therefore, we simply
mention thet this coefticient is equal to the differential quotient oi the

inertia of the corresponding process
I /
7A . — - = " .
Z, -+ 1g /+ % /W@

(Ga)
L/ e e sy 6b
/i‘ Ip + 2@ / =+ VB/WA ’ (6b)

wiere ,71\ and }]P ure the diflerential coefficients of influence of the pars=

meters, res;cctively, of the yrocesses A and B; 1 and i are the differertlal

B
'nertias of these processes corresronding to the given stationary state.

V; and V}; are the absolute values of the partisl derivatives of the speeds
of the rrocesses A and B with respect to the general regul ating parameter 2

for the same stationary state; whereupon 1A - //7’4. and 15 = //’Vé

In the case under considerstion 2 = 9f ; therefore because of the

linesr relation between the speeds Vk and VA and phi g? y &8 is immedietely

i apparent from Fignre 1, wuc have:

- )
1_“ lu t\ %
Vk( - -A—é-: (P.3i9,a) i

)
}
{
4
i

from which we get

e * (1+ 4Ag, /A‘pk)-l = j: (7a) and
Ta® Cl+ 0 /0¢) " = Jx (7b)

-8 -
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According to exiressions (5) and (7), we have:
- L] s J® =)Y)" " L]

T = e ™ % 4 =T ™ 9 , (8)
A2 was shown in our second report on the kinetic weight of a process Zrih PP,
1379-1380_7, this enuality of all three coetficients holds in all cases in
which the apeeds nf both processes are lineer functions of the regulating
parameter. Moreover, according tn the same report (p., 1387), if the speeds
of both processes are lincar functions of the regulating parameter, then
the errad corresponding to the statlionary stote can be cxiressed by an eq.ation

aimilir to Ohm's law, in which the value AZ _, adopted Ly us ns a measure

AB
ol ¢quilibrium disturbunce in the system, replaces the difference of potentials,
while the reslstance of the conductors is replaced by the inertias iA and

e
1.+ Then in the pener:l case we have V = A‘Aﬁ « In the case under con=-
i

B
P .

slderation, rng is eoual as in Ohm's Law to the difference in potentials

1
%’; - QL’;" the inertias iA and iB are equal to 1A .-ﬂ y &and iB -%B'

Therefore in the given cae we have

Ve (;o;—-r,f;)/(,;\-;- L) = (% —F Dk ki /(o7 K) (b, 350,0)

Assuming linear derendency of the speeds of the cathodic and anodic processes
upon the polarizations corresponding to these processes, G. B, Akimov derived
a generel equation for current strength in a local cell. The expression
' which we obtained is essentially similar to the particul & expression obtained
by G. B. Akimov for the case of cathodic-anodic‘Fontrol. (See /712 7, p.8L) ;

v Z .
. We should also note that the equation V = :ﬁl;f%?-—- may be retained even in
; A a

A

§. nonlinear functions VA(Z) and VB(Z), if one understands the inertias i, and
; iB to be the "average inertias of the processes for the stetionary state,"

as discussed by us in the aforementioned second report on the kinetic weight

-9 a
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of & process (p.1377). We shiould rememler, nowever, that in theze cases
whe inertis i8 & considerably more complex function than in the case of
linear functiene VA(Z) and VB(Z) and ohmic resistance in conductors. kor
1inear dependence ol the velocitiea VA and VB upon 2, each of the processes
corresyond to a speeifie value of inertia 1 which is determined by the
slope of the corresponding straight line, Iut in the case of the nonlinear
functions VA(Z) and VB(Z)’ the value f the "averape inertias of the process
for the piven stutlonary state" will Le determined not only by the behavior
of the curve V(Z) of this process, but alno by the behavior of th¢ curve
V(2Z) ot lhe second process.
Equatiéns (8) uhow thut if the apeeds of the cathodic and anodic processes
were proportional to the polarizstions corresponding to Lhese processes,
the kinetic welpht of the cathndic and anodic processns would actually be
wholly determined by the ratin of Lhe values 8 %, and 8 ¢, o
For a given value of A;‘“ , the covrticienta characterizing the kinetle
weight of the process will vary directly with the pelarization corresponding
—— to this process. Tnus, this dependence 1s shown grarhically by straight
J— 1lines, as in Figure 2. In this drawing, the values of anodic polarization
are placed frem left to right on the abcissa, ard the velney of cathodic
i polarization are placed trom right to left. Agﬂ” is taken equal to
’ 0.75V. According to eguations (8) and rigure 2, for Aq% =0
we have f: =7, = ’/ko/A = 7/A =0 ,
J;o= " = %Z = /. (P.350,b)

In this case the cathodic process is determining the kinetlcs of the

system, and the kinetlc weight of the anodic process is equal to zero.

Sl e 4 i =

From the absolute point of view, in all cases where Y- o
—_ 7., =1° —_ 10 = :
and consequently J,: = A—Y]W?Oand Jf-—— IZA/A = 7]k< / , the cathodic

process no longer determines the kinetics of the system. However, taking

.10 -
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the error in the exreriment into corsideration, we can consider the cathodic
process ae vractically determining the kineties of the syatem for values

of Ji alightly greater than zero and J% 8lightly less 'han unity. Let us
suppese that A q? * = 0,75 V and A gﬂA = 0,05 Vj then fram the equation

.1: = Aq¢,/A¢'= /—A%/Agf‘ it is eusy to find thut for the:se velues
of A gﬁA and A gﬁ’ the doviation of Ji from unity must be abeut 6=T%,

llence, we might conelude that for the cane ol dissolving zinc in acids, for
oxample, ln which the anode peolarization may apperently be even less than
0.05 V, we may within the 1imits of protalle error in the experimant,nbout
107, nctually disrepard the effect ol anodic polarization. We disturb the
almple relatlons between the kinetic weight of tne cathodic and anodic
processes and the valies Agﬂ that we have considered, however, as soon as
we negate the a sumptlon which we made concerning the linear type of polari-
vation curves for both processes.

2. Equallons Devesadidng thic pol arization Curves ot the Cathodic
=1 -0

—

and Anodic rrocess.

fne of the most important problems is which equation should be used in
the electrochemical theory of aissolving metals to describe the speeds of
the cathodic and anodic processes. The problem itself is not sufficiently
clear at this time. This problem will be simplitied for the purposes of
this work if we interest ourselves only in the derendence of the speeds of
the cathodiec ard anodic processes upon a 1limiting change of potential, that
is, the equations of the polarization curves corresponding to these processes,
However, even in this case we do not have equations, whose correctness can be
considered fully proven; the equation for the anodic process speed is more
indefinite. Therefore, keeping in mind that the aim of this work is only
to make more concrete the general picture of the possible relations among
the kinetic weiphts of the cathodic and anodic processes and their dependence
upon the polarizations corresponding to these processes, we proceed in the

following manner,
-1l -
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The Lasic equation for the cathodle process epeed ie taken to be the

expreaslont

y = Brexp <A4f“/b> 9)

&
where L= QRT/F = &0 mv. '

Moveover, in sotc cases it will be co.vorient to use Lhe more complete

ey ression

Y = B[ex,o (95") — P (."égi”)] - (10)

The first of tlese equations corresponds esyontially to Talel's equation
and,consequontly, we may consider thut it reflecte quite well the dependence
of the cathodic process speed upon overvoltage for most cases of hydrogen
1iberation at cathodes diring electrolysis. Assuming that this equation
also holds for hydrogen 1iberation at the surface of & diuvuolving metel, we
make the previous assumption. Equallion (10) corresnonds to the theory of
Aelaved discharging. In this equation, B €"F <A¢n/b) describes
the sr\ee.d of direct discharge of hydrogen ions, end 8-exp (""Aﬂ /ﬁ) is
the stced of the reverse process of hydrogen ionization. As was shown before
by Fol'mer, for velues of A;4 approv.equn to 0,05 = 0.1V (depending upon
the acc racy of caleulation), the last term of equation (10) may be disregarded,

whereupon equation (10) becomes equation (9),

i Tn these and further expressions, we will consider the velocity V

!
4

measured in the units stipulated above in equations ).

The problem of selecting an equation for the snodic procees' speed is

considerably more difficult, Several authors L2, 3 Ity 6, 8_7 have surmised

iy et et

thet an equation, corresponding to the theory of delayed discharge could

be used for the speed of this process. In this case, we might write:

o= A [ep (A —exp - =21 )

-12 -
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RT |

where a,= _8_'!: and L = —

nFx, nFu,

If we assume further, by enaloyy with the cathodic process of hydrogen

liberatior, that &) =0, = o &nd take the valence of the metal's
jons N==2 , then we have:

a, = a, == RT/F =%b .

with increase of anode p larization, the second term in equation (11)

3
i
]
%
¢

must become small ir comparisén with the firstj then this equation is eimp-
118404 ne wan mn ation (10):

V), = A ' eXp %‘.QA (2)

It is eaaily seen that for the condition A4 =j.l,—b this simplification
may be adopted, depending on the desired accuracy of calculation, for values
of Ay of the order of 0,025-0,05 V.

The employment of the thcory of delayed dlscharge for the enodic pive-
woud in dissolving metols was based, to a considerable degree, on the works
of V. A. Royter, V. A, Yuza, Ye. S. Poluyan /15_/, und also on those of
V. A. Yuza and L. D. Kopyl /16_7, in which Lhese anthors showed that the
dala obtained from oscillograph studies of the polarization of metallic 3
electrodes from iren, zinc, nickel and copper could be reconciled with the
enuations stemming from the theory of delayed discharge. At the same time,
however, as these authors show, this correspondence with the theory of
delayed discharge is obtained only with the oscillograph method of investi-

gating rolarization. If the usual methods are used, however, other dependenctes

P -
TRNE

2

are obtained. Thus, V. A, Royter and V. A. Yuza found that the speed of

1
!
i
H
i
g

s

the anodiécprocess in dissolving iron could be best exyressed by an equation

corresponding in form to Langmuir's isothermel curve:

x- 3 b
A‘PA=T.;?’S; or ’VA'—'E@%_A—CP; (13)

-13 -
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In equation (13) & and ﬂ are constants, while & naturally
{5 of a different value from the O in Fol“mer's eaquation. In the same

work, it is shown that Shokl's data on the anodic polarization of nickel

ommempan ot (6 B ETT R SRR e gy

can be expressed by the equationt

v, = KOS, ()

T . ke

These authors assumed that these deviations from logarithmic dependence

are determined by chenges of the electrode surface when loaded by current,

Theae chaonges depend upon the current de:sity and, consequently, on the

valne of Agp . In dissolving meteols, the speed corresponding to the sta-

tionary regime, which 18 cstablistied a certain time interval after the test
1 begins, is usually investigated; therefore, in this case, it is more correct
tn praread fram the nolarization Surves ahtoined far the gnadie nrocess in
metal electrodes by the usual method. The introduction of a coefficient
which allows for the surface changes (as. was done, for example, in the works
of A, I. Shul'tin [-8_7}) fails in its purpose, since we do not know the
dependence of this coefficlent upon current density.

Nevertheless, it is expedient to consider trom the start those relation=
ships which are obtained on the basis of equation (11), since in the first
place in some cases (es, for example, in the dissolntion of amalgams),
distortions of tie polerization curves caused by surface changes may not
possibly oceur; in the second place the laws obtained in this case are
quite representative and the basic characteristics of these laws can be
shown to be dependent only upon whether the anodic process's speed 15 in
agreement with equation (12), whereupon & mey not be equal to j%é’ ., The
1est equation, for an arbritrary velue of 4, can be considered independent

of the theory of delayed discharge.

-1l -
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3. PExpressions for the Coefficients ;) in the Logarithmie
)

i HPEOE T Y TR Yo e

Type of Polarization Curves of the Cathode and Anode Processes

Since the velues Aﬂ and A¢A are connected by the relations

0\, =F-E°, b= L~ F wd Ag = Age—Ag

we can ty making the proper substiitutions in the equaticns for the specds

of the cathodic and unodic processes always exnress both of these speeds:as ‘
tunctions of ¥, A¢, or A% ; whereupon one of the |
latter will act as the regulating paremeter in the pgiven system of equations.
However, in the search for expressions for the jartisl derivatives 1/"
and ’VA' such a substitution is surerfluous, since we cun find these
volues Glrreily by differertloting ennatdona (10) and (11) resvectively
with resrect to A ?; and Aﬁ , W.ere the quantity Sﬁ’ under these
circumstances must be considered a constent, and and T/A are
s equal to the sbsolute values of Lhe corresponding partial derivatives. Let

us assume from the beginning that in eauation (11) &4, =d, = é—b , Wwhere

n =2, For the sake of convenience we introduce the designations:

P

AALS 2 g
, cxpébf" =h , exp—A—g-“ = h, . ﬁxp‘ﬁ‘\::: n. e<r3-—%£‘:-:n‘z_,
! v (P.353(a)
Fauations (10) ond (11) mey then be written in the form:
: VK - B(h:L - h2) and (15a)
v, " A(m, - m2), (15b)
B
Hence V=7 (H. -+ /):_) (16a)
2A
¢ ww,-—f— rvi .
Ve 2) (26)
The r#itio of these derivatives in equation (6) is equal to:
Y _ B h+h 1)
Uy 2A \m—+m,
-15 -
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For the statlonary state, Vk and VA are equal 80 that according to equations

(15a) and (15b), we have
(22 Rl ARPY

e Sem—

AT hemhe (18)

and thus on the basis of enuations (17) and (6) we obtein

L (hihs ) =)
—'l']-r —— I_‘\—Z m::ﬁr)'('m‘—-}-«nu) . (29)

we do not have Lo write the corresponding exrression for 7A’ since we have

the relationship )/A =] - 7(.

In equation (19), 77‘: is comyletely determined by the valued of anodic

and cathodic polarization.

Figure 3 shows the curves corresponding to this cquation, whith exprees

wam *h . . - P
va - -

the dependence of the coefficienta '/k w2 A SFon o tne IR EH nsdliz and
cathodic polarization. In this figure, the same quantities as in Fipure 2
are used for the cnordinate axes; Agf °  is taven equal to 0.5 V for con=
venience,

By comparing the curves shown in Figures 2 and 3, we see that for
exponential devendency of the speeds of the cathodic and anodic processes
upon polarization, we have an entirely different type of curve 77(&@ )
than for a linear dependence.

Actually in Figure 3 and Figure 2, we have ']A = 0 aid 77‘( = 1 in the
limiting cese Ag, = o, JA0=C’, and we have 7]\( = 0 and ’71\ = 1 in the case
Aﬁ:: o, _&’_——,—,0 . But for finite values oif cathodic and anodic polari-

zation, the curves in Figure 3 give un entirely different picture than the

straight 1ines in Figure 2. The most representative conclusion to be obtained
from the curves in Figure 3 is that in the given case the coefficients of
influence in the parameters in both processes acquire a certain constant

value 71<= 2/3 and >7A == /3 , which we will call characteristics

- 16 =
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This characteristic value is acquired by Loth coefiicients frem the
moment that the cathodic and anodic polarization achieve a certuin small
value,

From Figure 3, we see that we can consider that the coefficients
acquire the characteristic value approximately even for cathodic polarization
2; 0.05 V and anodic > 0,025 V, and accurately for cathodic polarization
;}'0.1 V and enodic > 0.05 V. One is easily convinced that these values
of anodic and cathodic polarization are precisely those values for which
we may disregard the second terms namely, h? and m2 in the ecuations of

speeds VA and Vk and derivutives V‘; and V. ; Lence, those values of

A
cethodic and anodie polarization for which the spred of the reverse pro=-
cesses (that is, the process of hydrogen ionization and the process of dis=-
cherging metnl izng) tocome sufliciently small in comiarison with the speeds
of the correspording direct rrocesses,
According to this, we have & right to expect thnt for existence of

the characteristic values of the coefficients 77 s 1t is sufficient that

the speeds of the cathodic and anodic process conform to equations (9) and
(12).

Actually, the derivatives V; and V; in the given case are equal
to -
v = ‘éi“ G'SA? :ééjz;
* £ & (20a)
A AL,
e S ox
7//; o /D a, (20b)
It is important that the derivatives in the given case be proportional
tc the speeds; that is, we write:
v G b (21a)
Y= Ch/a (21b)
and since for the stationary state ¢? ==114 s then we have
1/&‘/7,4‘: ﬂ//é == constsnt . (22)
-l7 =
, 4

[ Tl P
‘ | i
‘ .
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This constancy of the ratie of the derivatives, obviously, is the reason

for the existence of characteristic values for the coefficients 7. By

substituting the exrression which we obtained for the ratio of derivatives
into equation (6), we have: / ﬁ
) el e oo Wl sT &7
ey st (@)
/
In the special case where /7, :—3,5 we havet
’ / /s
N, = TThR =R (.355,8)

On the basis of the above, we make the following conclusions: !
characteristic values for the coefficients )7 will be present when the speods
of the cathodic and anodic processes can be oxrressed by cquations (9) and
(12).

The characteristic velue of the coefficients 77 is determined, according
to equation((22), by the ratio of &, «nd b If a; = b, then the character-
istic values of the:e coetfficients are equal: 7‘/*;“ /{/ﬁ = 72_ 3 if & < b,

; then 7/k >'17/A 3 f @) > b, then 7 < )/]A o TIn the special case

where a; ® Z b, then the coefficient of influence in the cathodic process

rarameters is twice as large as that of the anode. If the equality &7, == = b
i o, A= 2FRT/nF =
[ is defined 8o that b = ZA T/FandAwhere n = 2, then the twice greater

value for the coelficient of influence in the cathode process's parameters

e

is the result of a twice greater charge of the metal ions., Forn = 3, we
—— =32 .
would have 4, =3 and correspondingly: m‘— Z and Y]A-— 7
Further, we observe that if the speeds of the cathodic and anodic pro=-
cesses contorm to equations (9) and (12), then the general type of curves

r/(A (ﬁ ) should correspond to the type of curves shown in Figure 3,

since the correctness of these equations as we have seen is determined by
the existence of horizontsl sections in these curves; moreover, the end
points of these curves must always satisfy these conditions:
—:— LC‘ l‘ 7‘ : <l : O ;
for by =0 , Hev 7 =1 and 7, (P.3568)
— ) — 0 and 1), = [/ .
for AF, = 0O “her %=79 =/

-18 -

GONFIDENTIAL ]

B

. [ ‘
l . Declassified in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100081-1‘




e

1 in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100081-1

CONFIDENTIAL

li» The Speed of the Anodic Process As ressed uation o

We now assume thet the speed of the cathndic process is expressed by
anuation (9) end the speed of the enodic process by equation (). The
derivative (/; in this case as formerly is expresscd by equation (20a).

The dorivative of VA in this case is equal to
P /)/é‘ ¢ 2
x 4 (2L)

from which, by & derivation similar to that discuased in the preceding

cases, we havet R / C -
W71 b, b (25)

In the sprcial case /7 =— 1, we have
= (1Al T (26)

Curves corresgonding to these equations will be considered later,

Wwe note that expression (26) is quite similar to the expression tor
the coefficient 7//‘ which we obiained in one of the preceding reporis for
this coefficient in the system: cathodic process = electroconductivity
process; the only difference is that in enustion (26) we have the anodic

polarization instead of the ohmic potential drop in the microcell.

5, The Speed of the Anodic brocess as mresud by Fquation glgz

We now assume that the speed of the anodic process is expressed by
equation (13) and the cathodic speed, as before, by equation (9).

Then the derivative 79 equal tot

Y =) TR =07 @)
According to eq-ations (13) and (21a) we have, accordingly:
Y, / 2
Z"%\— :B"(ZiiZ’%?) ‘W/ %= g % o (P.356,D)
andsthus for a stationary state Vk = V, we have:
v b
p(“"‘A‘P) - N, (P.356,¢)

-19 -
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Ry making the proper substitution in equation (27), we obtadn

= _Yeb (p.156,d
A= A, (— 290 %)
lience Sy e g »
ne Ve uy = A (am4,) ju b @)
» [ A .
e =7 4q, (v—04,) /b ()

In order to draw the actual curve qk(A <,/ ‘) corresponding to equation
(29) we must knew not only the coefficient b, but also the coefficient * .
The value of this coefficient can be found by en experimentsl determination
of the anodic polarizetion curve, but we should think that the velue of
s mey change substantlally in the changeover from one concrete case to
another,

Tn this work, we can limit ourselves in any consideration of the curve
77\‘(! 4)‘\) to some arbritrarily assigned but plausible values of x
ror this purpose, we may consicer that the polarization curves VA (2 gﬂA)
corresponding to equation (13) must be of the saturation curve type, with
the limiting velue A (/:’A- A . Let us assume that this limiting veluc
of & SﬂA is of the order 0.2 V., This is ol the same order of magnitude
as the experimental curves for anodic polarizetion obtained by V. Royter
ard V, Yuza for technicel iron.

Setting K = 200 mV and b = 50 mV in equation (29), we obtain the
curve IZK(A (/ ’ A) shown as curve I in Figure li. For gravhic illustrstion of
the effect of changing X upon this curve's characteristic, the curve

7]((A CPA) for X = )00 mVe (curve II) is also shown in this figure.
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6., The Coefficient of Reduction in the Cathodic Process Speed

For brevity we will limit ourselves to the derivution of an expression

e rearent AT

for the coefficient of reduction in the cathedic procese speed, which is
more interesting and definite than the correspording coefficient for tue
anodic process, rur the cethodic process speed we shall teke enuation (9), ]

in whiich we repluce the quantity A ¢k with its squivalent (A gf" - A ng)]

then we haves o
7, = 5,:-,\‘9 _A__‘{—- é*A b
% / b (30) i
L a '/A = 0, we huvet L A"
%=l 2T i
(31)
On the besis of Uie penesel wxp:reusion lor the coefficient ol reduction 1
’ of process spred (lia) and enuations (30) and (31) we have: {
p I sNel
o e eep ().
17 <

According to equation (32), the coetficient of reduction in the cathodic

process sried 1s completely determined by the amount of anodic polarization

S —

ard the value of the coefficient b in the equation for the cathodic process

o

speed.
(Note: We wlso note that, in the genersl case, wher there is not only I
v a marked amount of anode polarization, Lut also an ohmic polentiel drop,

the coefficient of reduction in the cathodic process speed mey be expressed

. et L7
77%5——-—/ %0 ( % ) (P.358,¢)

where A7DE is the ohmic potential drop in the microcell., When A:fE =0

P i i +

we obtain equation (32); with A ¢, = O we shall obtsin a similer expression
A )

for the system: cathodic process-electroconductivity).
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Te Intorgretntion of the Results

Let up try now to use the equations we have obtained in order to

evaluete the degree to which the kinetic weight of the cathodic process
ig reduced because of the presence of the anodic process in the system.

For thiu purpose, it is convenient to rely on the equation for the cethodic

process sjeed and try to find to what degree this equation becomes invalid

because ol the inecreased kinctic weight of the anodic process.

We will use erquation (30) here to descrile the speed of the cathodic
process.

In those cases wiure anodic pelurizatlon uquals <cro, we have the

conditions: [/ — ) m ()
j/\ )//s //'(,/‘“ E "
7 . ] = P, [}
and LT Ypye /. (P.358,8)
Moreover, in this case, equution (30) may Le written in the form:

. | A :
o = L, = L XD -—2’- () '
’ﬁ A )i g ; b {

In this csse, the cathodic process is determining the kinetics, and
enquation (31) 18 & valid erpression of speed in the gystem of cathodic and
anodic processes.

When A9/A:7 0, we have the inequelities:

p .
T, Yp s TS (P.358,0)

i f'f(/ B )/p<//,7,‘ﬁa/[, < /.
The cathodic process in this case, ge: erally sr.eaking, no longer determines

R

the kinetics of the system; because of this, ecustion (31) does not

e, S ST

determine the speed of the system of cathodic and anodic processesSs Eauation

(30) remains correct, but is not completely valid, since the regulating

:
H
1

parameter & 9[A varies the anodic process speed, the result of which is a
reduction of the coeificient of jnflvence in the perameters in the equation fbrfﬁe

cathodic process speed; that is, the ineauality becomee?%‘ < 1, For
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the nature nf the degree of influence ol the anedic procees, we find it
convenient. not to examine the value 1), itaelf, but rather the value 1-7!(
ar the value (1-7k)-1oo. The last quantity characterizes the reduction
of the value °f7]k! oxpressed in percents, wiich is deternined by the
influence of the anodic process (we recall, also, that 1'7k -77A).
Iesides 1:ducing the velue of the coefficient )h, the influence of

e e e e S Y ST NPT B 1 e e .

the anodic process is also reflected in the fact that the speed cor-

PN

responding to Lhe stationary state becomes less Luan thie speed Vkmu.

The coelficient characterizes the amount of this reduction

0
7

ya
of speed Vk' which tluo we find convenient to exprees in percents, thus

taking the value to be 100-7‘;; » Moreover, at A ‘/’A>°’ the coefficient

J;‘ neturally beeomes prester than zero and the cocfficlent J; less than

unity. Now, we nge the ecuations oblained to try to imegine what values

we might exveet for the auantitiey (1-77k)v100 and )7;; +100 for various |
Y/
values nf Aif) and pf o With this in mind, we will first consider the

system of curves shown in Figure Se

f Tn this drawing, the anodic polarization is pluced along tue abclssa
and uie onantities )7k;-100 and (1-)7k)-100 are placed along the ordinate.

' furves 1 and 2 correspond to velues of }']k, calculaied from ecuation

(29). These curves correspond, consequently, to curves 1 and 2 in Figure b,
with the difference thet in Figure li we had the dependency of /7‘,' upon
) ¢A' while here we have the dependency of (1-)7k)-100 upon A ¢A'

Curve 3 corresponds to velues of 7)‘( celculsted from equation (19);

curve i corresponds to values of 7k calecule ted from equation (26); curve
5 is from equation (25) (with n = 3), The straight line 6 shows velues

of 7)1{ caleule ted from enuation (7a); that is, for the case where the speeds

of both the cathodic and anodic processes are linear functions of the res=-

pective polarization A sﬁk. and A CPA. Here straight line 6 expresses
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glmultunecusly the dependence upon & gﬁA of 8l)l three q entities, (1'71)'100’
77£jA 100, and Vi'-loo for 8 * = 0,5V, Finelly, curve 7 expresses the
dependence upon A f’g ol ihe coefficient ol reduction in Lue cathodle process
speed 772“ +100, secording to equution (32).

(a) With regard to lhe system ol curves shiown in Flgure 5, we note
firat of all the tollowing situstion: Thoge parts of the curves which cor-
reanond to the conditien A 7ﬂk > 0,1 V are ahown by solid lines in this
drawing. Obviously, these solid sector:. of the respective curves 1, 2, L,
and § corresvend oxactly to equations (29), (26), and (25), since this
condition justifies the simplitied rxpression for the cathedie process speed
(9) which we adopted in the derivatior of themc equations. ‘lhe dotted
portions of curves L and 5 were drawn in aiproximately. Ao is imnudiately
avparent fron equations (25), (26), wnd (29), the solid rortions of the
respoetive eurves garpssnonding ta valoen of the auantlby (1'7:)'100 are
‘determined by one velue of anotic polurization and do not denend on values
of cathedic polarization or, consenuently, upon the ratlo Agg/éﬁ%:end the
auantity & 9ﬂ‘. The same nrinciple holds for the solio portion of curve
3, since for A y’k > 0.1 V, the terms hy and h2 in eouation (19) drop
out. In this relationship, we have the essential difference of the curves
1-5 from the stralght line 6, whrse slope will vary with A 7°°. This
characteristic of the curves 1=5 is due to the fact that the continuous
gections of these curves correspond to the same initisl eaquation for the
cathodic vrocess soced (9) and, consequently, to the proportionallty of
the quantities Vi, and Vies for which 88 was shown above the coefficlents
become independent of the value of AqO corresponding to the given process.
Thus, we can conclude that whenever equation (9) holds for the cathodic
process speed, the reduction of the coefficient of influence in the cathodic

process parameters is determined by the amount of anodic polarization
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and dees not depend upon the amount of cathodic pelarization er, cense-
quently, upen the value of Aqﬂa ., We have & similar situation, according
to equation (32), for the coefficient of reduction in the cathindic process
gpeed (curve 7 in Figure 5). This does not mean, however, that cathodic
polarization ise of less limpertance tnan anodic polarization, We mugt take

inte consideration that in the Leginning the inflisnce of cathodic polari-

sation was very sharply folt in tho value of the coafflclents ﬂ (the

dntted aection nf the curves in Fipgure B), reacling a somewhat detrinite
1imiting velue tor AL/ K = 0.1 V. Morcover, the coofficient of reduction
in the anndic rrocesa speed, as 18 casily seen, will be determined by the
amount of cathadic polarization, enc sin e the latter is usually high

the value 7%;& must penerally bLe close to unlty.

(b) ‘The second thesis, Lased directly upon conuldersationa of the

i

system of curves shown in rigure 5, ia that the derendence of the quantity
(l-qk)'LUU upon the amount ol anodic poisrizatio: varies not only quant-
itatively, but also nualitatively, with a change in the enuations determining
the polarizatlon curves of the cathodic and anodic : r~res.es, or cven the
polarization curves of one of these processes = the anrtiic as is.seen

from a comnarison of curves 1=5.

Comparison of curves 1-6 and 7 with the straight line 6 shows direclly
tiat knowledge of the coefficient of disturbance of eauilibrium 1° 1s
still not enough to evoluate the relations between the kinetic weights of
the cathodic and anodic processes.

(¢) From Figure 5 we also uee that, in the region of small velues of
anodic polarization from zero up to about 0,02 V, curves 1-3 in the first
gnproximation may be considered as coinciding with curve . This obviously.
results from the fact that curve ki corresponds to a 1inear dependency of the

anodic process speed upon A 30 A (equation 1Uy) with n = 1.)3 and for small
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valuess nf anodic pelarization eauations (13) and (11) also give a linear
dep.endence of the anodie process speed upon A gﬂ‘. Finally, in this region
of val w8 for A g/“ ourve 7 for the cnefficient af reduction in the
cathadie process apeed aleo coincides quite closely with curve L,

Curve li corresponds tn values of | caloulated from equation (26)1

Ad, 100

|
W T—TAf{;/b N, 4 b

Thus, we can conclude thut, with the anndic process snecd linearly

; denendent upon A ‘/ A in the rqplon of small values of A (A, the reduction
nf the coefficient nf intluence in the cathodic process parameters will
apnreximately enual the coettficient of reduction in the catliodic process
spexd; wiereupnn botii values can be approximately expreised by equation
(33). This thesis is an important ene [or us, since gunerally the depen-
dence of the anodie process specd uvon A {A for small A qulia anite

likely linear and the rorrectness of eauation (33) leads to the conclusion

that the kinetic welght of the anodie process must become noticeable even
for very small values of A / A Actually, let us assume for purposes of i
spproximate calculation that the experimental error in determining the )
speed of dissolving metals is about 10% and that, after taking this error i
! into consideration we may take the equation for the cathndic process |
speed as valid until the quantities (1-7/1‘)'100 and 7#;4. 100 reaches 10%.

According to equation (33), the quantities (l-?]k)-IOO and 7’% +100

T T

reach 10% with an anodic polarization A r/ 4 " 0005 V, that is, less than
0.01 V. For anodic volarization of 0.02 V, the value of these quantities
has slready reached about 30%. Thus according to equation (33) the error
in using equation (31) will exceed the limits of error permitted by us
in the experiment even for anodic polarization A </’ A< 0,01 V; and for

an anodic polarization of 0,02 V, this error has really become substantial.
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As we note, using for an example the dimsolution of zinc and asauming

5*790 ® 0,75 Vy we should obtain, for the ceefficienta of distrubance

of equilibrium J¢ and Jy with A ¢ A" 0:02 V, the valies Ji * 100 = 97%

and J} + 100 = 3% and, for the Fatio of thewe values, I3 =44 (A, = 38
Thus according to eq:ation (33) we must attribute a notliceable kinetic

welght to the anadie Proceas, notwithstanding the fact that in the given

case the overvoltage due to the cathedic process is approximately thirty

;
i
‘!
W
i
i
5
!

i times greater than the anndic polarization,

By assuming lincar polarization curves for both processes, we should

: 0
£ have in this case (1-n,):100 =

( qk ) ”; /A
¢ be uble to consider the equation for the cathodic process speed valid

2100 = Jx * 100 = 3% and should

within the limits of the occepted error und the kinutic welght of the anodio
process practically enual to zero,
We have in thesc relations an example of the situation discussed in
§ our second report on the kinetie welght of & orocess according to which
; & small, but not infinitely small, value for the coefficient of disturbance
of equilibrium in the given process, for oxample process A (that is, the

condition J;<E: Jé), still does not necessarily determine process A as a

B ¥ i e

practically inert rrocess, or process D as the process which determines

the kinetics of the system,

St PR

(d) For values of anodic polarization above 0.02-0.03 V, all the
g curves in Figure 5 have begun to diverge. Nevertheless, as an approximate
' evaluation, one should expect a higher value for the coefficient of in-
fluence in the cathodie process pnrnmeterc,'that11|\7k:27k; for all values
of A90A< 0.05 Vv,

In addition, the coefficient of reduction of cathodic process speed
in this region must still be less than about 50%, while the coefficient
of reduction of the anodic process speed must as a general rule be close

t0 100% in these cases,

-2 -
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In other words, for anodic polarization up to 0.05 V, the predominant

l kinetic weight must stdll belong to the eathede process. For values of
anode polarization 0,05 V <:z¥a < 0./ V then close values for tlie co=
efficients 7k and 7A can be expected; and for A ? A equal approximately
to 0,1 V, the coefficient of reduction in the catliadic process speed in=

.

' [ creases to about $0%. For anodic polerization greater than 0.1 V, the

amount the coeflicient of inf{luence 1. the cuthedic process parameters is

; reduced may be entirely diiferent for different ancdic polarization curves,
* We have the most characteristic dependence, cbviously, .~ the case of
turves 1, 2, and 3. Curve 3 han ulready been consldered above. Curves

‘ of the type 1 and 2 may be of real interest; therefore we will consider
this case in greater detail.

; In discussing the dependence of (1-1/,‘()-100 upon A 7}“ described by

curves 1 and 2 in Figure 5, we must Lake into eeeount thatl this dependence

; corresponds to constant X in eauation (29). This type ol dependence
7(_1\ f A) can be conveiiuntly represented by one's conaidering & series

of stationary atates corresponding to the points of intersection ot one

pol arization curve VA with the series of curves Vk’ which have progressively

3 increasing slope. The disgramnatic representation of this system of curves

& is given in Figure 6.

With an increase in the slope of the curve Vk the amount of anodic

i polarization will increase continucusly, while the coefficlent 7]\( will at

--é—bﬂ , this coefficient will reach some

first decrease. At A ¢A
minimum value (the maximum for the quantites (1-77k)-100 in curves 1 and
2, Figure 5). When 4 (PA becomes close to the value & , then ?7|{-100
will become practically equal to 100, while the quantity (1-77,‘)-100

approaches 0 (in Figure 6 this condition is described by the states cor=

responding to the points 7y, and 72).
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. The statlonary states corresponding to these conditions are interest-

ing,dn faot,when they are present we have what appears to be a return to
the case of very low anodic polarizalion; i.e., to states oorresponding i
to the pointe 7{ and ‘7; in Figure 6. There actually is an essential
similarity between the stationary states corresponding to the points 'y
and ‘!1, since in hoth cases r’k approaches 1; in both cases, moreover,
the potential of the dissolving metel may remain constent although the
speed of dissolution of the metsl may very widely, The comnon reason is
apparently that the curvea VA are practically vertical in both cases,
(For the casc of states '71' and 'Yel, where A gﬁA approsaches 0, the curve
V, in the limit coincidea with the ordinate; sad for the case of stetes
*71 and ‘72 where A 'PA spproaches & , the curve V, coincides with the
normel N, in the limit).

As should be emphasized, this eimileiity occurs despite the fact
that for the case of stutes 'Y’ the coefficient J$ approaches O while

A
J® approaches 1, while for the case of the ststes Y even lhe condition

k
J; > J"‘ may hold.

0f course, both conditions are not identical., For example, the
coe.ficient of reduction in the cathodic process speed when A¢A
approaches zero equals Zeroj but when A ¢A approasches & , it may be
close to unity.

The situations we have considcred permit us to make some general
conclusions., Obviously we can consider it quite likely that the influence
of the anodic process on the speed of dissolving metals must become
noticeable even for ve:y small values of anodic pole:rization (of the order
of 0,01 V and possibly even smaller) and moreover become indeiendent of
the overvoltage corresponding to the cathodic process of hydrogen lib-

metals
eration. Accordingly, we cen consider improbeble cases oi}\dissolving
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mobede in which tre intluence of the anodic process cen possibly be come
pletely disregsrded (quantitatively), For enodic polerizetion of the
order of scveral hundreths of a volt and more, the coelficients 7* and

7A may &lreedy be of the same order of magnitude, At the same time,
despite this, Lie predominant influence upon the speed of dissolution 'n
. metules should, in penersl, be aseriied to the cothodic process. In the

5 firet place, one may consider sctually possible cases of dissolving metals
in which the anodic polarization is low, i.e., 8 ¢A<: 0.05 V. llere the

rredominant kinetic welght must be ascritod to the cuthodic process, both

from the stendpoint of the coefficients of influence in the paremeters

ai.d even more so from the stundpoint of the coefficients of speed reduction. ;
In addition, even fer conclierable anvdic pularieatlon, the kinctic welght

of th.e cathodic rrncess, as we have seen, may be predominant in the system. .

Thus, in the realization of curves 1-2, we cen expect for sufficient anodic

A L s T4

polarization en apparent return Lo the repularities corresponding to very
small valies of enodic polarization. rurther, in the reslization of

curve 3 the coeiticient?) until the condition & S 0,05-0,01 V is
K K

e

i observed, which condition is practicelly always fulfilled in metsls dis-

% solving in scids. At the sume time, on the Lasis of the study, we naturally
% must ascribe to the anodic process a very substential influence upon the

3 kinetics of dissolving metuls. The kinetic weight of the anodic process

is considerably grester and its relationship with the kinetic weight of

the cathodic process is much more complex than might have been expected

from assuming linear polarization curves for both processes or from the
ratio of polarization A qﬂk and A qﬂA or the coefficients of ecuilibrium
disturbence Jg and J°. From this standpoint, we must acknowledge that more

A
detailed studies of ancdic polarization curves, and also measurements of

the potentiels of dissolving metels are very important for the theory
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of interaction of metuls with solutions. In principle, the measurement

of potential of disselving metals may be considered ss an experimental
mothod fer determining the magnitude and variationa of the ragul ating
parameter in the syetem of cathodic and anodic procenses, which theoretically
could compensate for the inadequagy of the formuls for the cathodic pro=
cess speed caused (1.0 inadenuacy) by the auper:‘poait:l.on of the influence

of the anodic proacess.

An attempt has been made in this work to cvaluate to what extent
the cathodic process in hydrogen 1iberation and the anodic process
releasing metal ions into the solutisn influence on the kinetics of inter=
action between metals and acids. In this study we assumcd that diffusion
and concuctivity had no marked effect upon the specd of this reaction.
with this purpose, we employed the method for the evalustion of kinetde
weiphts which was developed in the author's previous works (). It turned
out that the relatiorship between the kinetic weiphts of the cathodie
and anodic processes could vary guantitively, depending upon what types
of polarization curves correspond to these processes. Accordingly one
arrives at complctely jnuccurate ideas by attempts to evaluste the relation
Letween the kinetic welght of the cathodic process and that of the anodic
process: which assume for simplification that linear polarization curves
describe these processes.

The reletionship between the kinetic weights of the cathodic and
anodic processes cannot be evaluated, in general, from knowledge of the
amounts of cathodic and anodic polarization.

The influence of anodic processes on the kinetics of dissolving metals

may become noticesble even for smell values of anodic polarization of the
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order of 0,01 V or even Joss, and is indeendent of the amount of polari=
zation corresponding teo the cathodic process, Thus, cases where one may
completely and quantitatively influence the snodic process in dissolving
metals are not considered likely. At the same time, however, there may

be cases wh.rs one observes an apparent return to regulerities corresponding

to very small values of anodic polarization for sufficient increase in

snodic polsrization.
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